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I contributi presentati al convegno restituiscono un’articolata
panoramica di riflessioni e di casi studio, in cui emerge come filo
conduttore la capacità di esprimere una visione di lungo periodo
e di proporre una virtuosa integrazione fra strategie, spesso
innovative, di conservazione e di valorizzazione.
PPC Conference 2014  è una delle attività di comunicazione e
divulgazione previste dell’ambito dei Distretti Culturali “Monza
e Brianza” e “Le Regge dei Gonzaga”,  esperienze che testimoniano
come il patrimonio storico architettonico costruito possa ricoprire
un ruolo nuovo e determinante nelle dinamiche di sviluppo locale. 
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Abstract 
The main aim of this paper is to propose a value-based monitoring system 
to enhance the regular maintenance and continuous monitoring of World 
Heritage cities. In order to produce a consistent and clear paper the researchers 
opted to first present an integrated conservation approach based on preventive 
and planned conservation, and its requirements for a practical implementation. 
Next, the paper introduces the characteristics and advancements of Geographic 
Information System (GIS) technology as it entails a particular opportunity in 
monitoring the historic urban environment. The paper then introduces a 
conceptual framework for the continuous monitoring of World Heritage cities 
based on GIS technology, combined with multi-criteria decision-making tools 
and draws on an integrated conservation approach based on preventive and 
planned conservation. Following, the potential of this conceptual framework 
will be described for the Historic Centre of Santa Ana de los Ríos de Cuenca, a 
World Heritage city in Ecuador. Finally, the paper concludes with a brief 
summary on the general arguments of the paper. 
 
The Convention concerning the Protection of the World Cultural and 
Natural Heritage - generally referred to as the World Heritage Convention 
(WHC) - was adopted in 1972 to establish “an effective system of collective 
protection of the cultural and natural heritage of outstanding universal value, 
organized on a permanent basis and in accordance with modern scientific 
methods”. (UNESCO 1972: préambule). In this context, the paper presents a 
conceptual framework for the continuous monitoring of World Heritage cities 
and in accordance with modern scientific methods. The framework is based on 
geographic information system (GIS) technology, combined with multi-criteria 
decision-making tools and draws on an integrated conservation approach based 
on preventive and planned conservation.  
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Considering the growing amount of World Heritage properties located 
within urban settlements, the scope of this framework is the historic urban 
environment, rather than single built heritage properties. In line with this, the 
potential of this conceptual framework will be described for the Historic Centre 
of Santa Ana de los Ríos de Cuenca, a World Heritage city in Ecuador. 
The research presented in this paper is conducted within context of the 
Flemish Interuniversity Council in Belgium (VLIR) funded research project 
“World Heritage City Preservation Management” (vlirCPM) at the University of 
Cuenca and represents a five-year interdisciplinary and multi-actor growth 
process within the UNESCO Chair on Preventive Conservation, monitoring 
and maintenance of monuments and sites (PRECOM³OS), in collaboration 
with the Raymond Lemaire International Centre for Conservation (University 
of Leuven) in Belgium and the Universidad de Cuenca in Ecuador. 
 
An integrated conservation approach based on preventive and 
planned conservation 
The concept of an integrated conservation approach became a sine qua non 
in the built heritage field during the last decades. Through the adoption of the 
WHC in 1972 and the European Architectural Heritage Year in 1975, it was 
given an impetus on the international research and policy agenda. The 
concluding document of the Architectural Heritage Year, the Declaration of 
Amsterdam (CoE 1975a) defined the concept of integrated conservation, as an 
integration of the values of traditional urban fabric into the urban planning 
process. Moreover, the importance of recognizing of the architectural diversity 
in the urban environment is stressed (Jokiletho, 2009). 
Interesting to note is that also additional messages can be observed from 
the discussions that took place during the European Architectural Year. The 
ideas were quite innovative at the time and well represented in the European 
Charter of the Architectural Heritage (ECAH, 1975) that was adopted by the 
Council of Europe. The researchers will shortly put forth 3 concepts, which are 
important in context of this paper. The first, entails awareness of the historic 
urban environment as a resource of cultural, social and economic capital for 
society. (CoE, 1975b: §3) This concept found large resonance by different 
researchers the built heritage field (to name some: Tiesdell et al., 1996; Stubbs, 
2005) and was more recently endorsed by international policy in context of the 
expanding definition of sustainable development (UNCSD, 2012; UNESCO, 
2012). The second, recognizes that law and norms alone do not guarantee 
protection of the historic urban environment and that integrated conservation 
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cannot succeed without the awareness and cooperation of the general public 
(CoE, 1975b: §9). This concept is very much reflected in changing perception 
of heritage values over time through different mechanisms (Vandesande, 2012). 
From the 1990s, an increased focus on community participation (Smith et al., 
2003) and the inclusion of intangible values have entered the discourse of built 
heritage protection (Brown, 2005). The third and final concept embodies the 
PPC approach as “In the course of history the hearts of towns and sometimes 
villages have been left to deteriorate and have turned into areas of substandard 
housing. […] Because of this, conservation must be one of the first 
considerations in all urban and regional planning” (CoE, 1975b: §7). Whereas 
the principles of PPC are undoubtly covered thoroughly by different authors in 
this publication, it is opted to not go in detail on the matter but attest that in 
this paper the focus will be on the monitoring aspect. 
This integrated conservation approach based on preventive and planned 
conservation sounds very good in theory and has - with a certain extend of 
variations - become custom for the built heritage field at large. How to best 
comply with this approach in practice is however still a very much debatable 
matter. The researchers state that such an approach entails the systematic and 
continuous collecting and analyzing of information about the diversity of the 
historic urban environment, to identify both values and risk and to provide 
responsible stakeholders with adequate information to make the right decisions 
at the right time in order to appropriately balance between a value-centred 
approach, minimum intervention and risk management of this resource. 
Because of the obvious complexity, this approach demands a conceptual 
planning framework that should be supported by management tools such as 
monitoring systems and multi-criteria decision-making tools. Moreover, 
keeping in mind the diversity of built heritage on an urban scale and the 
transitory nature of heritage values, the approach requires the availability of 
accurate information on the different types of transitory values present at 
different scales and levels of detail, and different studies which determine 
indicators of degradation (disturbances), potential damages, treats and agents of 
deterioration affecting the identified values. 
 
GIS advancements in the built heritage field 
To deal with this knot work, the development of information and 
communication technology (ICT) increasingly more offers new opportunities in 
the built heritage field. Undoubtly the digital representation of single 
architectural objects has caused a revolution in the management and 
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monitoring of built heritage. Its wide application entails enormous 
advancements and possibilities, ranging from advanced historic or design 
analysis, risk assessment and dissemination (Santana Quintero, 2011) to the 
development of Historic Building Information Modelling (HBIM) (Murphy et 
al., 2013).  
However, it should be stressed that these advancements are not transmitted 
from the architectural to the urban scale. Considering that the historical urban 
environment is faced with a changing context of urbanisation and market-
dominant forces, together with the increasing focus of international policies on 
the sustainable management of this landscape - not in the least through the 
recent HUL recommendation (UNESCO, 2011) - the use of Geographic 
Information System (GIS) technology provides a particular opportunity.  
GIS is a computer-based technology facilitates the inventory, evaluation, 
and preservation of heritage properties and sites. The first GIS became widely 
used from the late 1970s onwards, but only in the 1990s the use of GIS was 
picked up by the heritage research field.  
The most obvious applications of GIS in the heritage field are related to 
listing purposes and planning purposes. Initially this resulted in the 
inventorying and the mapping of architectural and archaeological heritage in 
combination with a ‘dots-on-the-map’ approach. Over time these applications 
are adopted worldwide in a variety of heritage projects including the modeling 
of archaeological sites and tourism impacts, urban planning effects on heritage, 
heritage trail analysis etc. (Petrescu, 2007). Recently, the widespread need for a 
web based, open source software system that incorporates international 
standards to build inventories and help manage all types of immovable cultural 
heritage was answered by Arches - Heritage Inventory & Management System. 
Arches is a new open-source geospatial software system for cultural heritage 
inventory and management, developed jointly by the Getty Conservation 
Institute (GCI) and World Monuments Fund (WMF). Next to these ‘locate, 
document and identify’ applications, a GIS can assist in interpreting and 
analyzing heritage properties and sites. A very straightforward but illustrative 
example is the Risk Assessment GIS that was drafted in context of risk 
assessment project on the World Heritage Site Petra Archaeological Park. The 
overall aim of the project is to adopt a risk management approach as part of the 
management of PAP to avoid possible damage and reduce costly restoration 
measures (Paolini et al., 2012). In order to visualize the findings of the risk 
management field work, a Risk Assessment GIS was created. The GIS helped 
to obtain a suitable and clear presentation of the pilot area’s risks.  
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Three dimensional data models 
In the late 1990s a new trend emerges in the GIS technology field, several 
authors call for the development of 3D models (Raper, 1989; Sheppard, 1999). 
During the last years, several computational tools arose allowing the users to fly 
interactively over realistic simulations of the terrain using DTM, aerial pictures 
and satellite data. Today, the importance of 3D city models is still increasing. 
Applications such as noise propagation simulation and mapping, disaster 
management (Zlatanova et al., 2010), indoor navigation (Becker et al., 2009) or 
decision supporting analysis requirements from municipal or national 
government agencies are constantly demanding the use of 3D city models. 
Standard data models such as: the Unified Modelling Language (UML) or as in 
the case of web tools the development of the eXtensible Markup Language 
(XML) have allowed the management and representation of different elements. 
The wide reach achieved by these object-oriented languages has also lead the 
birth of specific XML based languages to deal with 2D or 3D representations, 
for instance the Geographic Markup Language (GML) or the city based 
standard CityGML (Costamagna and Spano, 2012). The CityGML data model 
represents the geometrical, semantic and visual aspects of 3D city models. This 
provides an open data model for 3D city representation and is focused on the 
semantic aspects of model components.  
The 3D digital model create new possibilities - but also challenges - in 
analyzing the geospatial data, opening doors to new uses of GIS (Hudson-
Smith and Evans, 2003). In this context, the researchers will introduce a value-
based monitoring system that draws upon the advancements of GIS in the built 
heritage field and the opportunities of 3D GIS to enhance the PPC process. 
 
Value-based monitoring system 
The conceptual framework for the proposed value-based monitoring 
system serves as the core element of the PPC process of a WH city. This 
conceptual framework states the concepts of authenticity and integrity at the 
core of the heritage monitoring system. Moreover, the monitoring system is 
conceived as a tool to support decision making for intervention and 
maintenance planning, beyond the mere purpose of inventorying or generating 
alerts. Therefore, the proposed monitoring system deals with two essential 
aspects: 1) Heritage values as the features to be monitored in WH cities; and, 2) 
A wide range of information, dealing with heritage objects documented with 
high geometrical and semantic precision.  
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Heritage values as features to be monitored 
In order to determine the elements to be monitored by the system, this 
research started from the Outstanding Universal Value (OUV) statement and 
the OUV criteria of the WH city of Cuenca (Ecuador). The identified values 
were structured in the Nara-Grid which supported the valuable features 
determination. The Nara-Grid was an appropriate tool to integrate the 
identified values and the valuable features into a coherent structure for the 
monitoring system. 
Once the heritage values and their attributes were established, the relation 
with other data sets such as disturbances, threats or agents of deterioration, 
constituted a fundamental step towards the identification of the data that needs 
to be modeled in a preventive conservation data model, as shown in table 1. 
 
Heritage Values Valuable 
features 
Represented Disturbances Threats Agents of Deterioration 
0D 2D 3D 4D Natural Human 
Cuenca is a vivid and 
tangible experience of 
the urban planning 
principles and territo-
rial strategies, devel-
oped during the 
renaissance and used 
for the creation of the 
colonial cities in the 
American territory.  
Street 
width  
 x   Development 
and similar 
impacts 
Site manage-
ment and 
similar impacts 
Site manage-
ment and 
similar 
impacts 
- Mismanagement 
Size of the 
building 
blocks 
 x x  Site manage-
ment and 
similar impacts 
Site manage-
ment and 
similar 
impacts 
Fire 
Earthquakes 
Mismanagement 
Shape and 
height of 
the 
building 
blocks 
  x  Development 
and similar 
impacts 
Site manage-
ment and 
similar impacts 
Site manage-
ment and 
similar 
impacts 
Fire 
Earthquakes 
Mismanagement 
Physical forces 
Table 1 - Heritage values and valuable features to be monitored by the monitoring system.  
 
Data model for a PPC application 
The second aspect of the monitoring system is the data model. In the 
present research the CityGML standard was used to design the monitoring 
system. The proposed data model extend the CityGML standard by creating 
two new feature classes: Threats and Disturbances. Both classes are related to the 
site; the large scale element in the system. This relation determines that other 
classes and their components inherit the threat and disturbances properties and 
these properties can be modelled in lower scales such as building(s) or building 
parts (Fig. 1). 
 
Figure 1, also illustrates the predefined attributes of the CityGML data 
model, particularly in the AbstractBuilding feature class, which contains the 
following attributes: class, function, usage, construction and demolition years, 
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roof types, stories and height of building above and underground. However, 
for the planned and preventive conservation application other attributes related 
to cultural heritage were added. The additional attributes are the following: 
OwnershipType, DomainType, TypeOfImplantation, CourtyardNumber, 
OrchardNumber and MonumentProtectionStatus. The CityGML data model 
also allows the addition of External References to each city object in order to link 
them with the corresponding objects in external information systems.  
  
From the CityGML data model to a three dimensional GIS 
The CityGML standard become the linking tool between Computer Aided 
Design Information (CAD) and GIS. For the case of Cuenca this relation is 
essential, because most of the produced 3D data were designed in a CAD envi-
ronment. With the addition of topology and semantic information, different 
complex analysis and 3D spatial queries can be carried out in a GIS environ-
ment. Figure 2 illustrates an example of a topological analysis that aims to iden-
tify spatial relationships of elements that interact and are located within 2m of a 
crack.  
The result indicates the features that beyond the crack, need to be periodi-
cally monitored due to their spatial relation with the existing disturbance 
(crack). From a PPC perspective the possibility to spatially locate features in a 
3D environment allows a better understanding of the spatial relations and sup-
port heritage management decisions.  
 
Conclusions 
The design of a data model for a heritage monitoring system based on the 
CityGML standard has a high potential for the development of a monitoring 
tool to support PPC practices in World Heritage cities. The WH city of Cuenca 
illustrates the potentials of relating ICT tools and heritage monitoring require-
ments. In addition, the CityGML data model provides a quite robust and at the 
same time flexible conceptual model which can easily be adapted to heritage 
requirements. The research reveals that the CityGML data model used for PPC 
purposes has the potential to be adapted to different scales. The incorporation 
and use of the third dimension in the value based monitoring system over-
comes problems related to different analyses that only can be understood in 3D 
environment. 
Nevertheless, the proposed monitoring system cannot to be considered 
finished at this time/stage. The designed data model also showed that a 
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number of challenges still need to be overcome in order to elaborate a fully-
fledged preventive conservation tool.  
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Fig. 1 - CityGML data model and the proposed extension for the PPC application  
(white boxes belongs to the CityGML data model / gray boxes correspond to the extension). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 - 3D buffer analysis performed in a commercial GIS. 
